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MSC processing

Principle

Mesenchymal stromal cells (MSC) are obtained from bone marrow aspirates, isolated and culture expanded in a two-step process to provide therapeutic doses for clinical treatment. Step 1 produces in-process intermediates which are cryopreserved at early passage. Step 2 produces a unique product Lot, which has gone through (Insert applicable number) population doublings from first passage and is cryopreserved as the final therapeutic product.
Clinical significance

MSC, which make up the connective tissue scaffolding of the bone marrow, have immunomodulatory properties and are involved in tissue repair and regeneration. MSC are not immunogenic and do not elicit an alloreactive response. Consequently, allogeneic MSC may be infused into unmatched recipients. Infusion of allogeneic MSC have been shown to abrogate graft versus host disease (GVHD) associated with high dose chemotherapy and haematopoietic progenitor cell (HPC) transplantation. Allogeneic MSC may also have a role in ameliorating other immune disorders and aiding tissue repair. 

background

MSC represent a rare cell population in bone marrow but can be extensively culture expanded to yield therapeutic doses. Expanded cells can be cryopreserved and stored. MSC have been used to successfully treat cases of steroid refractory GVHD. MSC can be manufactured from bone marrow aspirates (BMA), from either a related or unrelated donor. The MSC are obtained using their property of adherence to plastic and the cells are culture expanded for multiple passages. Cells are harvested and cryopreserved using 10% dimethyl sulfoxide (DMSO). Cryopreserved cells may be stored up to (Insert validated period).
responsibilities

For donor selection and evaluation refer to Bone Marrow Collection for MSC.
· Medical consultants are responsible for informing (Insert manufacturer’s name) of potential collection and manufacturing requirements. 

· (Insert manufacturer’s name) staff are responsible for communicating collection requirements to the Nursing/Medical staff performing the bone marrow collection.

· Nursing/Medical staff responsible for collecting the bone marrow shall notify (Insert manufacturer’s name) staff immediately prior to the collection

· The (Facility Director/ Production Manager)  is responsible for:

· notifying the requesting medical consultant if the bone marrow collection is inadequate
· reviewing the donor assessment records (including results for  infectious disease screening) and cell processing and growth records prior to authorising further culture expansion.

collection

· Bone marrow is the source of cells for MSC culture. Collection requirements are:

· (Insert volume) bone marrow aspirate collected under aseptic conditions, or

· (Insert volume) aliquot of a bone marrow harvest from a bone marrow transplant donor.

· Medical staff are to collect the bone marrow in accordance with hospital procedures and Bone Marrow Collection for MSC.
· For a bone marrow aspirate:

1. Prepare a collection label.

2. Prepare a collection bag:

· Attach a bag access device

· Add (appropriate volume) anticoagulant
· Attach the collection label

3. Medical staff collect the bone marrow aspirate into a heparinised syringe from the harvest needle. 

4. Transfer the bone marrow from the syringe into the labelled collection bag.

5. Two staff members must verify the collection label.

6. Complete the bone marrow collection documentation.
7. Transport the bone marrow collection to (Insert manufacturer’s name).

· Processing of bone marrow collections should commence as soon as possible after the collection. 

If the time from collection to processing will be longer than 2 hours, the marrow should be stored chilled (2-8oC) and processing commenced within (Insert validated time period eg 24 hours). 

reagents & Materials
As listed on the relevant form.
· MSC Media = Culture media supplemented with the appropriate additives
· Cell suspension solution: 
for patient application = appropriate solution
· Cryopreservation solution:
for patient application = appropriate solution containing 20% DMSO
for subculture = 80% MSC Media + 20% DMSO
Equipment

· Centrifuge

· CO2 Incubator

· Light microscope

· Stainless steel cassettes

· Controlled rate freezer

· Haematology analyser 

· Waterbath

passage labelling 
1. All cultures from the one donation bear the same product number (e.g. 141001).
2. As cells are expanded and passaged, the different passages are denoted by a suffix to the product number, from P0 (starting culture) to P1, P2, P3, P4 or P5 (e.g. 141001 P2)
3. All cells are cryopreserved in multiple aliquots at early passage for seeding of subsequent cultures for further expansion.
4. At all stages, each bag aliquot is uniquely identified by a further suffix (.1, .2, .3 etc.).
5. Each time an individual aliquot is thawed and plated for expansion, the passage number is increased by one and a alphabetical lower case identifier is added 
More than a single aliquot of a passage may be thawed and combined for expansion at any one time.
6. When an individual subsequent aliquot is thawed, the passage number is increased by one and an alphabetical capital identifier is added.
7. Cells are cryopreserved at (insert passage number) as the final therapeutic product. Each bag aliquot is uniquely identified by a suffix (.1, .2, .3 etc.).
8. The product Lot number is the final identifier on the therapeutic product, excluding the aliquot.
process controls

	Microscopic morphology check
	· Prior to harvest

	Microbial contamination testing
	· Pre culture samples

· Final product for each Lot of therapeutic product

	Cell count
	· Initial (BMA)

· Post Ficoll (MNC)
· Post culture expansion for each passage

	Mycoplasma
	· MSC media, prior to media change at harvest for therapeutic product, after 3-4 days of cell growth, for each Lot 

	Viability
	· Final product for each Lot

· Post cryopreservation for each Lot

	Phenotype
	· Final product for each Lot

	Endotoxin
	· Final product for each Lot

	Tri-lineage differentiation 
	· Final product for each donation

	Karyotype
	· Final product for each donation


culture preparation

1. Remove BMA from bag and filter into 50mL Falcon tube using a cell strainer. Rinse bag with PBS and transfer to the 50mL tubes so that the BMA is diluted approximately 1:1.
2. Note volume and perform a cell count on the diluted sample. Calculate the total nucleated cells (TNC) using the WCC. 
3. Underlay diluted BMA with a half volume of Ficoll-Paque (or applicable) and centrifuge at 600g for 20min without brake.
4. Collect mononuclear (MNC) cells at interface, place in a tube and wash with PBS, centrifuging at 450g for 5min.

5. Collect plasma above interface and inoculate anaerobic and aerobic blood culture bottles. 

Label as: Product #-Pre-culture sample. Send to (Insert relevant microbiology testing facility) for microbial contamination testing. Refer to Microbial Testing.
6. Resuspend MNC in MSC media.
7. Perform a cell count and calculate the TNC. Record on MSC Processing Form. 

8. Calculate the TNC % recovery and record on MSC Processing Form.
9. Plate cells at predetermined cell concentration in appropriate sized flasks, label and transfer to CO2 incubator at 370C.

10. Leave cells to adhere to flask surface for (Insert validated period).
11. Aspirate media and non-adherent cells from flasks and rinse with PBS before replenishing with MSC media.

cell EXPANSION and subculture

Requirements
1. The Facility Director or Scientist in Charge must review the donor assessment records (including results of infectious disease screening) and all processing and expansion records. Cells must be approved prior to extended expansion by the Facility Director or Scientist in Charge. Record authorisation on the (MSC Release Checklist). 
2. Cells are culture expanded and cryopreserved at applicable early passage as in-process material for further expansion. 
3. The final therapeutic product is cryopreserved at (Insert passage number), or before the cell population doubling has reached the upper limit of (Insert applicable number).
4. Prior to harvest, examine the cell cultures under the microscope to determine percentage confluence and confirm ‘spindle shaped fibroblastic’ cell morphology. 
5. If the cultures appear contaminated, record and send a sample to (Insert relevant microbiology testing facility) for identification.  Discard the contaminated culture.
Cell Expansion
1. After seeding, replace with appropriate media twice a week and record on the Expansion Record.
2. Harvest at appropriate confluence. 

3. Rinse with PBS.
4. Add trypsin based product to each flask. 
5. Incubate flasks at 37oC until all the cells have detached. 
6. Rinse flasks with media, collecting the cells into 50mL centrifuge tubes.

7. Centrifuge cells at 450g for 5min.

8. Resuspend in media and remove an aliquot to determine cell count. 

9. Reseed into tissue culture flasks or factories at required cell concentration.

10. Place flasks into CO2 incubator and complete the Harvest Form. 
final product harvest (for therapeutic application)
1. Prior to harvest, sample the MSC media from the cell culture for mycoplasma testing

· aspirate the MSC media and transfer a 5mL aliquot into sterile screw top freezing vial. 
· store in the -30oC freezer prior to sending for mycoplasma testing

· record sample storage on the Expansion Record 
2. Send samples in batches to (insert testing facility) for testing. 
3. Proceed with harvest as per following instructions. The product may then be cryopreserved and stored until required.

harvest 

1. On day of harvest remove media from the cell cultures.

2. Perform PBS rinse and addition of trypsin based product, followed by incubation, as described above. 

3. Check all cells have detached microscopically.

4. Rinse with appropriate solution.
5. Dispense evenly into centrifuge tubes.

6. Centrifuge for 5min at 450g.  

7. Remove supernatant.

8. For final product cryopreservation, resuspend in appropriate solution.
9. For cryopreservation for subculture, resuspend pellets in MSC media.
10. Complete the Harvest Form.
cryopreservation

1. Perform a cell count and viability on the suspension. 
2. Adjust to required cell concentration.

3. Prepare cryopreservation solution (see Reagents & Materials), so that the final solution will contain 10% DMSO.  Chill to 2-8(C for use.

4. Determine the number of micro tubes and cryo bags required.

5. Label micro tubes and cryo bags. 
6. Load the cryopreservation cycle stored in the controlled rate freezer memory bank. 
7. Mix cell suspension with an equal volume of pre chilled cryopreservation solution, in an appropriate sized transfer bag, to give a final DMSO concentration of 10%.

8. Transfer appropriate volumes to individual cryo bags and hermetically seal. 

9. Remove samples for: 
· Microbial contamination testing (1% of cell volume).

· If at final product: Endotoxin testing (0.5mL) into a micro tube. Send to (Insert relevant microbiology testing facility).

10. Place cryo bags into stainless steel cassette and micro tubes into the rack for freezing. A micro tube with representative media may be used as the temperature probe for the controlled rate freezer.

11. Commence freeze.

12. Allocate storage location in the holding tank from the Cryo Inventory for the micro tubes and cryo bags.
13.  Attach the printed run data from controlled rate freezer to the Harvest Form.
14. The micro tubes aliquots are stored as retention samples.

15. Update the Tank and Vial Inventories.

16. If at final product, perform testing for release criteria (cell viability and MSC phenotype characterisation) on a micro tube retention sample after a minimum of one day storage. See MSC Characterisation by Flow Cytometry. Record testing on the MSC Flow Cytometry Form.
thawing for subculture

1. Rapidly thaw required number of bags in a water bath of sterile saline, pre-heated to 36-40oC, until just thawed.

2. Remove contents of bags with a syringe and smartlock and place into a centrifuge tube.

3. Rinse bag with media and use to dilute the cells by slowly adding drop-wise and gently mixing the cells.

4. Perform a cell count and viability, if required.

5. Centrifuge cells at 450g for 5min.

6. Resuspend in media to obtain required cell concentration.

7. Cells are now ready for subculture.

8. Update the Tank Inventory.
9. Complete Subculture Thaw Form.
product release

Medical Director, Facility Director or Scientist in Charge reviews all processing records and completes a MSC Release Checklist. Release of MSC products is authorised by the Facility Director (refer to Release).

General Release Criteria

1. Donor assessment was acceptable and the donor was determined to be eligible. 
2. Donor infectious disease screening results for HIV – NAT, HCV – NAT, HBV – NAT, Anti HIV-1/2. Anti Hep C, HBsAg, Anti HTLV 1/2 and Syphilis (TPHA) were negative/not detected/non reactive.
3. Microbial contamination testing result for the final therapeutic product for the product Lot was negative/no growth. 

MSC Product Specific Release Criteria

For each donation:

Cytogenetic Testing

Normal karyotype (MSC Cytogenetic Testing) 
Differentiation Testing

Tri-lineage differentiation capability: osteogenic, adipogenic, chondrogenic (MSC Differentiation) 
For each product Lot:

Phenotype
CD73, CD90, CD105 expression ≥ 90%  

Combined CD34, CD45, CD11b, CD19, HLA-DR expression <5%  (MSC Characterisation by Flow Cytometry)
Viability

MSC viability ≥ 70%

Mycoplasma

Mycoplasma not detectable in final product. Testing is performed by a TGA licensed laboratory.

Endotoxin Testing

Endotoxin < 5EU/mL. Testing is performed by a TGA licensed laboratory.
distribution

Release of product for patient application must be authorised by the Facility Director prior to distribution. 

Cryopreserved products may be stored for up to (insert validated period).

Released products are distributed at the request of the treating medical practitioner. 
Allocate a product expiry time.

Thawing Cryopreserved Cells

Refer to MSC Preparation for Infusion for comprehensive instructions for the preparation of cryopreserved MSC products for external patients.

1. Thaw appropriate number of bags in a water bath of sterile saline, pre-heated to 36-40oC, until just thawed. Refer to Thawing for Infusion.

2. Insert the add-on access device into the bag.

3. Slowly add an equal volume of appropriate solution and gently mix the cells.

4. Label bag with final product label.

5. Complete MSC Thaw Form.
6. Update Tank Inventory.
7. Ensure the Distribution Form is completed. 

8. Transport to the treatment centre with appropriate paperwork, including the Cell Therapy Infusion Form and Distribution Form. Refer to Distribution and Transport. 

Tracking
1. Record the distribution of MSC products for tracking on MSC Tracking Form.
2. Update the electronic records (Insert relevant network drive). 

3. Print the updated record, record the date and the name of the personnel updating the record and place in (insert appropriate file).

4. Rule a line through the superseded tracking page(s) and retain in the (insert appropriate file).
Records

Records for MSC processing are maintained for a minimum of 20 years. Hard copies of records prior to the current year are retained in the archive files.  
Copies of mycoplasma and endotoxin test results are filed in the MSC Mycoplasma and Endotoxin Test Requests File.
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